Introduction
The LHC is actively searching for physics beyond the Standard Model (BSM), where the Minimal Supersymmetric Standard Model (MSSM) [1] is one of the leading candidates. The search for supersymmetry (SUSY) at the LHC has not (yet) led to a positive result. In particular, bounds on the first and second generation squarks and the gluinos from ATLAS and CMS are very roughly at the TeV scale, depending on details of the assumed parameters, see e.g. [2] . On the other hand, bounds on the electroweak SUSY sector, whereχ ± 1,2 and χ 0 1,2,3,4 denote the charginos and neutralinos (i.e. the charged and neutral SUSY partners of the SM gauge and Higgs bosons) are substantially weaker.
There are several good motivations to expect electroweak SUSY particles with masses around a few hundred GeV.
• Models based on Grand Unified Theories (GUTs) naturally predict a lighter electroweak spectrum (see Ref. [3] and references therein).
• The anomalous magnetic moment of the muon shows a more than ∼ 4σ, deviation from the SM prediction, see Ref. [4] and references therein. Agreement of this measurement with the MSSM requires charginos and neutralinos in the range of several hundreds of GeV.
• Charginos and neutralinos in the few hundred GeV range (possibly together with not too heavy scalar leptons) could easily bring the prediction of the W boson mass in full agreement with experimental data, see Ref. [5] and references therein.
• On the more speculative side, light charginos and neutralinos could also explain the small discrepancies in the pp → W + W − + X measurements visible in all published data from ATLAS and CMS, see Ref. [6] and references therein.
These points provide a strong motivation for the search of these electroweak particles, which could be in the kinematic reach of the LHC. ATLAS [7] [8] [9] [10] [11] [12] and CMS [13, 14] are actively searching for the direct production of charginos and neutralinos, in particular for the process pp →χ ± 1χ 0 2 with the subsequent decaysχ
Z, resulting a three lepton signature. These searches are performed mostly in so-called "simplified models", where the branching ratios of the relevant SUSY particles are set to one, assuming that all other potential decay modes are kinematically forbidden.
Based on those (and similar) analyses strong claims about excluded mass regions, e.g. in the mχ0 2 -mχ0 1 plane are made. This kind of bounds apparently exclude to a large extent the production of light charginos and/or neutralinos at the e + e − International Linear Collider (ILC), which is expected to operate with a center-of-mass energy of √ s ≤ 1 TeV. On the other hand, if the charginos and neutralinos were to lie within reach of the ILC, it should be possible to reconstruct some or all of the fundamental parameters describing the electroweak sector of the MSSM (see e.g. [15] ). Here we briefly review LHC exclusion bounds on electroweak particles, in particular in theχ ± 1χ 0 2 search, and their "correct" interpretation as exclusions bounds [16] . 1 We will not discuss LHC bounds on colored particles, which often appear to be strong, but where it is crucial to keep in mind the assumptions made to obtain these bounds.
What does the LHC (really) exclude?
In the case that the coloured sector is heavy, the direct production of charginos and neutralinos might provide the largest cross-sections of SUSY particles at the LHC. The golden channel for SUSY production is of chargino neutralino (χ
2 ) pair production, dominated by the s-channel W boson mode. In the absence of light sleptons, theχ However, the experimental results for these decay channels are usually interpreted in terms of a simplified model which assumes 100% branching franction to the Z, an assumption which leads to an incorrect interpretation once the decay to the Higgs boson is open. Here we review the analysis of the effect on the exclusion limits when the branching ratio to the Higgs is included. We will first define our notation and discuss the details of the calculation, then discuss simplified expressions for the couplings relevant for theχ 0 2 decays, and finally present some results for the reinterpreted limits, considering both the dependence on tan β (the ratio of the two vacuuum expectation values of the two MSSM Higgs doublets) and the phase of the U(1) gaugino mass parameter, ϕ M 1 .
Details of the calculation
The parameters entering the chargino-neutralino sector are the bino mass M 1 , the wino mass M 2 , the higgsino mass µ as well as tan β, and c w = M W /M Z and s w = 1 − c 2 w where M Z is the mass of the Z boson. When working in the complex MSSM the parameters M 1 , M 2 and µ can in principle have a non-zero complex phase. However, one of the phases of these parameters, here ϕ M 2 , can be rotated away, in which case the phase ϕ µ is tightly constrained [17] . Therefore we take µ to be a real parameter. Further note that in the case of the complex MSSM, the three neutral Higgs bosons h, H and A mix at the loop level [18] [19] [20] [21] , resulting in the (mass ordered) h 1 , h 2 and h 3 , which are not states of definite CP-parity. In the following we denote the light Higgs with h 1 , independent whether the parameters are chosen complex or real. The Higgs sector predictions have been derived with FeynHiggs 2.9.4 [22] [23] [24] [25] (the most recent corrections to the Higgs boson masses as derived in Ref. [26] are not included, but expect to have a small impact on the parameters used here, see below).
In the limit µ ≫ |M 1 |, M 2 ; M H ± ≫ M Z ; tan β ≫ 1, which will be relevant for most of the analyzed benchmark scenarios, we obtained simplified expressions for the couplings for χ [16] . Here the two lightest neutralinos are almost purely bino and wino-like states,χ 0 1 ∼B,χ 0 2 ∼W . For simplicity we neglect the mixing between the bino and wino components, which has a subleading effect in our approximation, such that N 12 ≃ N 21 ≃ 0, while |N 11 | ≃ |N 22 | ≃ 1. Note that in the Higgs decoupling limit [27] one has (β − α) → π/2. In this limit we obtain
where the neglected terms are of higher order in M Z /µ, M 1/2 /µ and 1/ tan β. Here e denotes the electric charge, α em = e 2 /(4 π), and α is the angle that diagonalizes the CP-even Higgs sector at tree-level. From Eq. (2) it follows that the absolute value of the Higgs coupling is largest (smallest) for positive (negative) M 1 . Note that the partial decay widths, for which explicit expressions can be found in Ref. [16] , also depend on the relative intrinsic CP of the neutralinos, and that of the Higgs or (CP-even) Z-boson. Near the decay threshold this effect, which arises due to the p-wave suppression of some of the amplitudes, leads to a stronger dependence on the CP-phases than the one resulting from the change in the absolute value of the couplings, provided mχ0 1 = 0, as shown in Ref. [16] . Before reviewing our results, we will first briefly describe the calculations used for the direct production cross section ofχ 0 2χ ± 1 , and for the branching ratios for the subsequent decay of the neutralino into a Z boson and of the chargino into a W boson and the LSP. The production of neutralinos and charginos at the LHC is calculated using the program Prospino 2.1 [28] . Complex parameters can only affect these cross sections when the charginos or neutralinos are mixed states, and we estimate such effects to be negligible for our set-up, so we adopt the Prospino results which neglect CP phases to hold. We further neglect the NLL corrections to the gaugino production cross section calculated in Ref. [29, 30] , estimating their effects to be at the per-cent level. For the decay widths we employ our full NLO corrections in the on-shell scheme of the complex MSSM (see e.g. [31] ) as calculated in Refs. [32, 33] . The calculation is based on FeynArts/Formcalc [34, 35] , and the corresponding model file conventions [36] are used throughout. The benchmark scenarios defined in the following section are such that the decaysχ 
Definition of benchmark scenarios
The baseline analysis in Ref. [16] made use of results reported by ATLAS using the full 2012 data set, where numerical values were provided for the excluded cross sections [10] (but could equally be applied on more recent Analyses, such as in Ref. [12] ). In order to interpret the ATLAS exclusions in terms of the complex MSSM, we calculate the cross section in benchmark scenarios similar to those used by ATLAS, including NLO corrections as described below. We re-analyze the ATLAS 95% CL exclusion bounds in the simplified analyses in the mχ0 
The other parameters are chosen as in the ATLAS analysis presented in Ref.
[10] 2 , µ = 1 TeV, tan β = 6, Mq 1,2 = Mq 3 = Ml = 2 TeV, A t = 2.8 TeV . 
The main aim of Ref. [16] , as discussed above, was the interpretation of the ATLAS exclusion limits in several "physics motivated" benchmark scenarios. Taking the parameters in Eq. (4) as our baseline scenario, deviations are made in the following directions.
1. We take ϕ M 1 , the phase of M 1 , to be a free parameter. Note that for the considered central benchmark scenario, as tan β is low and M SUSY is high, the full range is allowed by current electric dipole moment (EDM) constraints [37] [38] [39] 
Results
The main results are summarized in Fig. 1 , where the exclusion region is shown in the mχ0 h 1 is kinematically forbidden, and a small strip close to the kinematic limit can be excluded by the current ATLAS analysis. The excluded area grows marginally taking into account the projection for the LHC8 full data set, i.e. the projected combination of ATLAS and CMS data.
We show the results for scenario S tan β ATLAS , i.e. with tan β = 20, in the lower figure of Fig. 1 . While below the Higgs threshold the exclusions are independent of tan β, above this threshold the excluded regions are somewhat larger for tan β = 20. However, the excluded region is clearly reduced in comparison to the simplified model case where the Higgs channel is neglected. Again, Fig. 1 can easily be understood via Eqs. (1) and (2), where we see that for smaller tan β and large µ the Higgs channel dominates, and the branching ratio to the Z boson is considerably smaller than one.
As discussed in Sec. 2.1, the neutralino-Higgs coupling decreases with ϕ M 1 , and in Eq. (2) we see the sensitivity to the phase increases with tan β. This ϕ M 1 dependence affects the exclusion bounds on M 1 and M 2 , as illustrated in Fig. 2 , where we consider the ATLAS exclusion limits in the ϕ −29 e cm (95% CL) [38, 39] . We adopt a common mass scale M SUSY = Mq 1,2 = Mq 3 = Ml, although the EDMs depend mainly on Mq 1,2 and Ml 1,2
. We display the limit for the EDM that provides the strongest bound, i.e. from d Tl for tan β = 6 and from d Hg for tan β = 20. Although M SUSY = 0.8 TeV is disfavored at the LHC, we show these limits for comparison, as there is no exclusion from the EDMs for higher values of M SUSY (i.e. in S ATLAS ) for tan β = 6.
From Fig. 2 one can clearly see how ϕ M 1 affects the exclusion limit on M 1 , which is much stronger for ϕ M 1 = π than for ϕ M 1 = 0, as also seen in Fig. 1 . Furthermore, as discussed above, the effect of the phase is clearly much more pronounced at lower values of tan β. line is also shown in order to illustrate that below the Higgs threshold, the dependence on ϕ M 1 vanishes.
From the right plot of Fig. 2 we notice that the one-loop corrections, i.e. the difference between solid and dotted lines, are clearly sizeable for tan β = 20, shifting the excluded value of M 1 (for fixed ϕ M 1 ) by up to ∼ 12 GeV for ∆ = 180 GeV.
Conclusions
We have reviewed the exclusion limits on the parameters describing the electroweak sector of the MSSM from directχ of up to ∼ 300 GeV are derived. We investigated how these limits are affected when using NLO results both for the SUSY production cross sections as well as for the branching ratio calculations. We found that, apart from the region whereχ Altogether these results show, on the one hand, how important it is to look at a realistic spectrum (i.e. where the decays to a Higgs boson are not neglected), and on the other hand that dedicated searches for the W h + E miss T channel are beneficial [43] . The results indicate that there is ample room for chargino/neutralino production at the ILC with √ s ≤ 1 TeV.
